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$[2, 3]$ $r=(X, Y, Z)$ , $\tau$ $\sigma$
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$(D_{\tau}-D_{\sigma})^{2}F \cdot F-\frac{1}{2}Q^{*}Q=0$ ,
$*$ , $D_{\epsilon}(s=\tau, \sigma)$ 1
$F=1+b^{2}e^{\eta+\eta^{*}},$ $Q=e^{\eta}$ ,
,
$\eta=k\sigma+w\tau+\delta+i\theta,$ $b= \frac{1}{2(\omega^{*}+\omega-k^{*}-k)}$ ,
, $k$ , $w$
$\omega^{2}-k^{2}=-1$ ,
, $\delta$ $\theta$ 3 , $v$
$\Omega$ , $\eta$ $\eta=\xi+i\zeta,$ $\xi=\gamma(\sigma-v\tau)+\delta,$ $\zeta=\Omega(\tau-v\sigma)+\theta$ ,
$X=A$ cos $\zeta sech\xi$ ,
$Y=A$ sin $\zeta sech\xi$ ,
$Z=Z_{0}+\sigma-A$ tanh $\xi$ ,
3 $\gamma$ $A$
$\gamma=\sqrt{\frac{1-(1-v^{2})\Omega^{2}}{1-v^{2}}},$ $A=2\gamma(1+v)$ ,
3 $\Omega$ , $v$











T7. ( 1 ), (2).
( 1 ), (3). ,
( 1 ), [2],
( $2$) $[3]$
3
? , Newton ,
$z$ , (2) 3
$\partial_{\tau}^{2}Z=\partial_{\sigma}^{2}Z+(\partial_{\tau}X+\partial_{\sigma}X)X+(\partial_{\tau}Y+\partial_{\sigma}Y)Y$,
1 2 \langle Lorentz ,
, 2 1
, Lorentz $z$ ( 3)
$\sigma$ . Lorentz $z$ , $z$ $z$
Lorentz
\langle Lorentz (1). 1 Lorentz
(2).
( 3 )
Lorentz ( 3 ) , effective force
183
1 $v=0\cdot 12$ $v=0.24$ $v=0.12$
4 effective force
Lorentz , ,
effective force 22 , soliton-l $v_{1}=v(v>0)$ ,






3 $v=0.24,\Omega=0.1,d=24$ $v=0.24,$ $\Omega=0.1,d=1.45$
$z$ $f_{z}=\partial_{\tau}^{2}Z$ ,
$f_{l}=2 \{\frac{\partial_{\tau}^{3}\beta}{\beta+\cosh 2\gamma\sigma}-\frac{3\partial_{\tau}^{2}\beta\cdot\partial_{\tau}\beta}{(\beta+\cosh 2\gamma\sigma)^{2}}+\frac{(\partial_{\tau}\beta)^{3}}{(\beta+\cosh 2\gamma\sigma)^{3}}$
$- \partial_{\sigma}[\frac{\partial_{\tau}^{2}\beta}{\beta+\cosh 2\gamma\sigma}-\frac{(\partial_{\tau}\beta)^{2}}{(\beta+\cosh 2\gamma\sigma)^{2}}]\}$ ,
$v$ , soliton-l
185
$\sigma=v\tau-\delta_{1}$ . soliton-2 $\sigma=-v\tau-\delta_{2}$
$\mathcal{F}_{zn}=\int_{v_{\hslash}\tau-\delta_{n}-a_{n}}^{v_{n}\tau-\delta_{n}+a_{n}}d\sigma f_{z}$
$a_{\mathfrak{n}}$ $(a_{n}>0)$ , $a_{1}$ $a_{2}$
$P_{z\mathfrak{n}}= \int_{-\infty}^{\infty}d\sigma\partial_{\tau}Z=2A_{n}v_{n}$ $J\overline{P}_{zn}=\int_{v_{n}\tau-\delta_{n}-a_{n}}^{v_{n}\tau-\delta_{\mathfrak{n}}+a_{n}}d\sigma\partial_{\tau}Z=$
$2A_{n}v_{n}$ tth $\gamma_{n}a_{n}$ , , $v_{1}=-v_{2}=v,$ $\Omega_{1}=$
$-\Omega_{2}=\Omega$ , $a_{1}=a_{2}=a$ ,
$a= \frac{1}{\gamma}8ech^{-1}\frac{1}{10}$
90 . $a$ , effective
force ( $\tau$ , effective force Fz) $v=01,$ $\Omega=0,$ $\theta_{12}=0$
( 4) $v=0.24,$ $\Omega=0,$ $\theta_{12}=0$ ( 5) $\mathcal{F}_{z}$ soliton-l ,
soliton-2 ,
, $v=0.1,$ $\Omega=0,$ $\theta_{12}=\pi$ , ( 6) $v=0.24,$ $\Omega=0,$ $\theta_{12}=\pi$
( 7) , $($
$v=0.1,$ $\Omega=0.2,$ $\theta_{12}=0$, 8)
, , ,
( 1 ), ,
( 1 ) ( 1 )
, ,
2 ,









X 4 Soliton-l(right mover) Soliton-2(1eft mover)
X 5 Soliton-l(right mover) Soliton-2(1eft mover)
$6Soliton- 1$ (right mover) Soliton-2(1eft mover)
KdV , , , Lagrangian
$\mathcal{L}=\frac{1}{2}\partial_{x}q\cdot\partial_{t}q+\frac{1}{6}(\partial_{x}q)^{3}-\frac{1}{2}(\partial_{x}^{2}q)^{2}$ ,
, $q$ Euler-Lagrange , $u=\partial_{x}q$
$\partial_{t}u+u\partial_{x}u+\partial_{x}^{3}u=0$,
KdV , $q$
$p= \frac{\partial \mathcal{L}}{\partial(\partial_{t}q)}=\frac{1}{2}\partial_{x}q=\frac{1}{2}u$ ,
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pa 7 Soliton-l(right mover) Soliton-2(1eft mover)







, 1 1 9
, $u$ ( 9 ),




5.2 KdV Effective force
, 2 1 +1
$u=3v_{1}se\bm{i}^{2}\sqrt{\frac{v_{1}}{4}}(x-v_{1}t+\delta_{1})+3v_{2}sech^{2}\sqrt{\frac{v_{2}}{4}}(x-v_{2}t+\delta_{2})$ ,








$\cross\{sech^{2}\sqrt{\lrcorner 4}[(v_{1}-v_{2})t+a_{2}]-sech^{2}\sqrt{\lrcorner v_{4}}[(v_{1}-v_{2})t-a_{2}]\}$ ,
Q $t<0$ , $|(v_{1}-v_{2})t+a|<|(v_{1}-v_{2})t-a|$ ,
$ae\bm{i}^{2}\sqrt{\frac{v_{2}}{4}}[(v_{1}-v_{2})t+a]>sech^{2}\sqrt{\frac{v_{2}}{4}}[(v_{1}-v_{2})t-a]$ ,
, soliton-l effective force $\mathcal{F}_{1}<0$ , soliton-2 effective force
$\mathcal{F}_{2}>0$ , $t>0$ , $|(v_{1}-v_{2})t+a|>$
$|(v_{1}-v_{2})t-a|$ ,
$sech^{2}\sqrt{\frac{v_{2}}{4}}[(v_{1}-v_{2})t+a]<sech^{2}\sqrt{\frac{v_{2}}{4}}[(v_{1}-v_{2})t-a]$,
, soliton-l effective force $\mathcal{F}_{1}>0$ , soliton-2 effective force
$\mathcal{F}_{2}<0$ , , KdV
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$11$ soliton trajectory
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